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Abstract 
A tablet computer is considered as a useful tool for elderly people to improve their everyday life and even to have training 
to enhance their cognitive ability. In this study, the authors conducted a preliminary experiment to see how different 
background colors of a tablet computer screen can affect the attention of elderly people while they are performing a task on 
the tablet computer. Ten Japanese subjects over sixty-five years old performed circle-counting tasks on a tablet computer 
screen with white, blue and light blue backgrounds. For these three background colors, three different symbols including 
circles were presented in black, and the subjects were directed to count the number of circles in a short period of time. The 
average percentages of correct answers for the circle-counting tasks that the subjects performed were higher with the blue 
and light blue backgrounds than with the white background. These results suggest that white color may not be the best 
choice for a background color of a tablet computer screen for elderly people.  
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1. Introduction 
The use of a tablet computer has been spreading in many sciences of our daily life. Because of its portability, 
efficiency, ease-of-use, and its speediness, it is considered to be an ideal tool for elderly people to communicate 
via the Internet and to enhance their everyday life as a result1. A tablet computer also can be a useful tool to 
give elderly adults training to prevent mental decline. Chan et al. conducted an experiment to investigate if 
performing a task on a table computer can enhance the cognition and everyday function of elderly people2. 
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They found that a group of elderly people who received training with a tablet computer improved their episodic 
memory and processing speed more than groups of elderly subjects who did not have training with a table 
computer. Since vision and concentration ability are known to decline with advancing age, the designs of tablet 
screens should be considered more carefully for elderly people to promote the use of tablet computers by them. 
In this sense, it is important to investigate the screen designs including the color combinations of a tablet 
computer screen in terms of their effects on performing tasks on the screen.   
Some studies have investigated the combination of text and background colors on a computer screen in 
terms of its effects on task performance3,4,5. Hall and Hanna pointed out that greater contrast ratios between 
background and font colors lead to better readability6. Yamazaki examined whether the background colors of 
computer-based and Web-based English tests influenced on the scores of test takers7. The experimental results 
obtained from subjects in their twenties showed that the subjects who took the test with light blue and blue 
background scored the highest and the second highest. In her study, the levels of fatigue and difficulty that test 
takers reported after taking the tests did not correlate with their test performance. Studies by Yamazaki and Eto 
also showed that average scores for computer-based English grammar tests taken with blue and light blue 
backgrounds were significantly higher than that for the white background for university students8. In the study 
by Yamazaki and Eto, the brain activity of each test taker was observed by using a near-infrared spectroscopy 
(NIRS) system. The analysis of brain activities indicates that neurological factors associated with color 
characteristics can explain the differences among the test score averages for these background colors. In this 
study, the authors investigated whether white and blue background colors can make a difference in terms of the 
performance of elderly people when they perform a task on a tablet computer screen to test the level of 
concentration. We also observed the brain activity of an elderly person by using a near-infrared spectroscopy 
(NIRS) system, while she was performing the circle counting task. 
2. Experiment 
The authors conducted an experiment to examine the concentration levels of elderly people while they are 
performing a task on a tablet computer with three different screen background colors: white, blue and light blue. 
In this experiment, we used a circle counting task as a test to measure their concentration levels.  
2.1. Circle counting task with three background colors 
Three sets of a task to test subject’s concentration level with white and light blue background colors and 
black text were developed for this experiment. Each test set consisted of ten circle counting tasks. All the task 
pages were designed in the same way, in which circles, stars and triangles in black color were randomly drawn 
on a single-color background of a tablet computer screen. A subject was directed to count the number of circles 
on the page and select a choice corresponding to the number of circles from four choices by pushing the choice 
button on the screen. The characteristics of three background colors used in this study are listed in Table 1. The 
table summarizes their hexadecimal color codes, brightness and color differences between the background 
colors and black, and luminance ratios between the background colors and black. Formulas suggested by the 
World Wide Web Consortium were used to calculate these values9. Examples of the circle-counting task pages 
with the white background, the blue and light blue background and black symbols are shown in Figures 1 and 2. 
In this experiment, we used a Microsoft Surface Pro 2 tablet computer, which has a screen size f 9.3 by 5.2 
inches (1920 by 1080 pixels). The circle counting-task pages were shown on the screen as a full-screen image. 
All circle counting pages were set to be shown to a subject for a certain period of time. After the period of time, 
the page was proceeded to the next circle-counting page automatically or after the subject pushed the choice for 
the number of circles and then “Next (ḟ࡬)” button. The choice and next button were shown on the screen 
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(Figures 1 and 2). The settings of task pages and subjects’ answers for the number of circles were automatically 
recorded in the tablet computer. 
Table 1. Hexadecimal codes, brightness differences, color differences, luminance ratios and luminance of blue and white backgrounds [7] 
Background  
Color 
Hexadecimal 
Color code 
Brightness 
difference 
Color 
difference 
Luminance 
ratio Luminance 
Blue #0000FF 29 255 2.44 0.00722 
Light Blue #C0C0FF 199 639 12.225 21 
White #FFFFFF 255 765 0.56126 1 
 
 
 
 
 
 
 
 
Fig. 1. Examples of the task pages of the circle-counting test used in the experiment: (a) with the white background 
 
 
 
 
 
 
 
 
Fig. 2. Examples of the task pages of the circle-counting test used in the experiment with the blue background 
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2.2. Subjects 
Ten Japanese elderly subjects participated in this study. All subjects were healthy and over 65 years of age 
(from 65 to 83 years old). Six of them were female and four of them were male. None of them was reported to 
have a color vision deficiency at the time of the experiment. The subjects reported that they did not use a tablet 
computer often in their daily life. The subjects were given instructions for performing the circle counting task 
prior to undertaking the tasks with different backgrounds. None of them had trouble doing the tasks on the 
tablet computer during the experiment. 
2.3. Experimental method 
All the subjects performed the tasks with black symbols and background in blue, light blue and white, after 
having about a few minutes rest before proceeding to the next circle-counting task with another color.  In this 
experiment, the duration for one circle-counting page was set to 30 seconds. The subjects input their answers 
by pushing a button on the screen. Although the task page was set to change automatically to the next one when 
the subjects did not push a choice button and the next button within 30 seconds, all the subjects finished the 
circle counting task and pushed their choice and proceeded on to the next page within 30 second. Figure 2 (a) 
shows one of the male subjects performing the circle counting task with the light blue background on the tablet 
screen. Performance scores obtained from the subjects were analyzed to see if there were any differences 
between the test sets with the three background colors.  
After finishing the circle-counting tasks, each subject responded to a questionnaire that was designed to see 
if each subject’s concentration level and feelings about the tasks had affected his or her answers. One of the 
questions asked the subjects if they felt tired from taking a test with each background color by using a five-
point scale from 1= “did not feel tired at all” to 5 = “felt very tired”. The subjects also indicated their 
concentration levels at the time of taking the test using a five-point scale from 1= “could not concentrate at all” 
to 5= “could concentrate very well”. They also responded to questions about the readability of the task pages 
they felt with another five point scale. 
In the experiment, relative changes in hemoglobin concentrations of one female subject’s brain were 
measured and recorded by using the Hitachi NIRS (EGT-4000) with 52 channels, while the subject was 
performing the circle-counting tasks. The headgear included 52 optical source-detector channels to monitor the 
activity of subject’s brain. The channels covered the frontal area of prefrontal cortex. In order to assess the 
activation of the brain functions associated with these areas, the blood hemoglobin concentrations of each 
subject were observed from the beginning and to the end of the tests, and relative changes in oxy-, deoxy-, and 
total hemoglobin (oxy-Hb, deoxy-Hb, total Hb) concentrations from the 52 channel points were simultaneously 
measured, and recorded for each subject. Optical topography probes were applied to subject’s forehead. Her 
brain activities were measured by the NIRS system. Figure 2 (b) shows the photograph of the subject wearing 
optical topography probes on her head and the positions of the head gears. 
3. Results 
The average percentages of the circle counting questions answered correctly for the white, blue and light-
blue backgrounds were calculated. The average percentage for the tasks performed by the subjects with the 
light blue background was the highest among these three background colors. On average, the subjects counted 
the number of circles more correctly on the blue backgrounds than on the white background. These results 
coincided with the findings of authors’ previous studies with university students as experimental subjects on 
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the effect of computer-screen background colors8. Table 3 summarizes the average percentages of correct 
answers for the circle-counting tasks with the blue, light blue and white backgrounds in this experiment.  
 
 
Fig. 2. Photographs of a male subject performing the circle-counting task (a), and a female subject with optical topography probes applied 
to her head (b). 
 
Table 2. Average test scores of the circle-counting tests for the blue and white backgrounds 
Background 
 Color 
#of 
Subjects 
Average % of correct answers of 
circle counting test  
Blue 10 84% 
Light blue 10 85% 
White 10 80% 
 
Concentration and tiredness levels for the blue and white backgrounds indicated by the subject were also 
averaged. The results showed that the subjects had been able to concentrate most and had felt least tired while 
they were counting black circles on the light blue background. They also answered that the figures were easiest 
to read on the light blue background. Even though the average performance of the subjects on the tasks were 
better for the blue background, the results for the concentration level and the fatigue degree of the subjects were 
better for the white background than the blue one. No strong relationship between the performance scores and 
the concentration level or the fatigue degree of the subjects was found. The average scores of the concentration 
level and the fatigue degree obtained from the subjects for each background color were summarized in Table 3. 
These results were also coincided with results obtained in authors’ previous studies with young subjects7,8.  
 
(a) 
 
 (b) 
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Table 3. Concentration and tiredness levels for the blue and white backgrounds indicated by the subjects  
Background 
Color 
#of 
Subjects “Could concentrate” “Easy to read” “Felt tired” 
Blue 10 3.9 2.9 2.1 
Light blue 10 4.5 4.3 1.8 
White 10 4.2 3.9 1.8 
 
The NIRS measurement of relative Hb concentration changes in one subject’s brains indicated that her brain 
areas close to the frontal eye fields, which are related to eye movements, tended to be more active while the 
subject was performing the circle-counting task with the white background. The same tendency was observed 
in experiments conducted with young adults in our previous studies10. 
4. Discussion and Conclusion  
In this study, the effects of white and blue backgrounds on a circle-counting task on a tablet computer screen 
with elderly subjects were examined. The results of the experiment showed that the subjects had performed 
best when they counted circles in black color with a light blue background on the tablet screen than a white 
background. Relative changes of Hb concentrations in the brain of one subject were observed by using NIRS to 
see if the brain function activities of the task performer can be affected by the background colors. The results 
from the NIRS measurement demonstrated that the background color of a tablet screen could affect hemoglobin 
concentrations in the brain of an elderly subject. These results from the circle-counting tasks indicate that the 
background color of a tablet screen can make a difference in the task performance and brain activities of elderly 
people, and blue colors may be better than white for the background of a tablet computer screen when task 
symbols are displayed using black color. This suggests that a white background may not be the best choice for 
a background color of tablet screens for elderly people, even though a white background is commonly used for 
pages on PC and tablet screens.  
In our previous studies, the NIRS images of relative Hb concentration changes in subjects’ brains showed 
that their brain areas related to eye movements tended to be more active while performing tasks with the white 
background than while doing the same task with the blue background7,8. The result of this study with an elderly 
subject showed the same tendency. We suspected that the combination of black text and a white background 
provokes states that require more eye movements also for elderly people, due to a contrast between black and 
white. In order to identify if the background colors of a tablet computer can contribute to the task performance 
and brain activity of elderly people, we should further increase the number of subjects to conduct the same 
experiment. In the next study, we also plan to focus on obtaining more NIRS signal data to identify the effects 
of background colors to analyze frontal brain areas related to working memory, which is known to decline 
along with age11.  
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